ABSTRACT
INTRODUCTION
The African catfish (Ciarias gariepinus) has recently been introduced as a successful species for fish farming, because of its ability to survive in poorly oxygenated water and its high efficiency of food con¬ version (Richter, 1976; Hogendoorn, 1983; Viveen, Richter, Van Oordt et al. 1985) . The species has, how¬ ever, one major drawback for pisciculture in that it does not spawn in captivity.
Recently, in a qualitative and methodologically oriented study, Schoonen & Lambert (1986a) observed that during the breeding season testicular steroido¬ genesis in catfish from a natural habitat (feral animals) differed from that in catfish kept in fish ponds in the same region (pond animals). The testes of pond animals showed a high conversion of pregnenolone to the androgens 11 ß-hydroxyandrostenedione and 1 lß-hydroxytestosterone, whereas in the testes of feral animals a tendency towards low androgen production and a prevalence of C21 steroids was observed. The hypothesis was put forward that this difference in steroidogenic capacity might explain the absence of spawning in pond animals. The continued synthesis of androgens and the failure to produce certain C21 steroids might prevent spermiation and spawning of male African catfish in fish farms. If (Schoonen & Lambert 1986a) Chromatography Thin-layer chromatography and detection of carrier and reference steroids were carried out as described by Schoonen & Lambert (1986a Schoonen & Lambert (1986a) . Gonadotrophic hormone levels in plasma were determined by a homologous radio¬ immunoassay developed by Goos (Lambert & Van Bohemen, 1979 scanning, which means that conversion was less than 2 nCi or 0-1 % of the original activity.
Extraction
Before extraction, approximately 800 nmol of each of the following carriers were added to incubations with pregnenolone: pregnenolone, progesterone, 17a-hydroxypregnenolone, 17a-hydroxyprogesterone, 17a, 20ß-dihydroxy-4-pregnen-3-one, 3a, 17a-dihydroxy-5ß-pregnan-20-one, androstenedione, testosterone, 11 ß-hydroxyandrostenedione, 11 -ketoandrostenedione, 11 ß-hydroxytestosterone, 11-ketotestosterone, aetiocholanolone, androsterone and 5a-androstane3a,17ß-diol. To incubations with androstenedione were added androstenedione, testosterone, 11 ß-hydroxyandrostenedione, 11-ketoandrostenedione, 11 ß-hydroxytestosterone, 11-ketotestosterone, aetio¬ cholanolone, androsterone, 5a-androstane-3a,17ß-diol and 5ß-androstane-3,17-dione. The free steroids and steroid conjugates were extracted from the tissue by ethanol (3 iOml). The ethanol-medium mixture was evaporated and the residue redissolved in water (2-5 ml) to dissolve the steroid conjugates. Dichloromethane was then added (3 10 ml) to extract free steroids from the water fraction. The combined dichloromethane extracts were evaporated and the resi¬ due, dissolved in a few droplets of dichloromethane: methanol (9:1), was subjected to TLC in system I to separate apolar compounds (triglycérides) from steroids. In this system the steroids remain on the baseline, so it is possible to use the same plate for initial separation of the steroids.
Hydrolysis of steroid conjugates After evaporation of the water fraction, the steroid conjugates were dissolved in 2 ml sodium acetate buffer (01 mol/1; pH 6-5). This fraction was treated with 100 pi ß-glucuronidase from Escherichia coli (100 units/ml; Boehringer) overnight at 37°C with con¬ stant shaking in an atmosphere of air. The enzyme reaction was terminated by the addition of 10 ml dichloromethane. Carrier steroids were then added and the extraction of free steroids was carried out.
Following this extraction, all tritium activity was found in the organic fraction, indicating that the tritiated compounds in the original water fraction were all steroid glucuronides.
Identification of [3H] steroids
After extraction, biosynthesized steroids were identi¬ fied by TLC using several systems, derivatization and recrystallization to constant specific activity ( Table 1 17a,20a-Dihydroxy-4-pregnen-3-one was identified indirectly by Cr03 oxidation, which resulted in its conversion to androstenedione. The latter indicates that the original compound had to be a A4-androgen or a 17a-hydroxy-A4-pregnene. Theoretically, there¬ fore, there were seven possibilities for the structure of the unidentified compound: testosterone, 17a-hydroxyprogesterone, 17a,20a-dihydroxy-4-pregnen-3-one, 11-deoxycortisol, 4-pregnene-17a,20ß,21 -triol and 4-pregnene-17a,20a,21-triol. After chromato¬ graphy in systems II, III and IV it appeared, however, that the unknown compound did not correspond with authentic testosterone, 17a-hydroxyprogesterone, 11-deoxycortisol and 17a,20ß-dihydroxy-4-pregnen-3-one.
Although 4-pregnene-17a,20ß,21 -triol and 4-pregnene-17a,20a,21-triol were not available as reference steroids, they could be excluded as a result of the very polar character of these compounds (Lisboa, 1969) . Only 17a,20a-dihydroxy-4-pregnen-3-one therefore remained for the identity of the unknown compound. A final identification by recrystallization was not possible, because authentic 17 ,20 -dihydroxy-4-pregnen-3-one was not available.
RESULTS
Values of GSI and plasma concentrations of gonadotrophin The GSI from the three experimental groups varied slightly from 1-0 to 1-8%, but the differences were not significant (Fig. 1) . Mean plasma gonadotrophin levels, however, were significantly (P<0-05) higher in the spawning group (3-3 pg/1) than in the nonspawning groups from the natural habitat and the pond (<1 pg/1) (Fig. 1 Figure 3 shows that in spawning compared with non-spawning fish (feral and pond), the conversion rate of the steroids by the enzymes acyl-transferase and 20ß-HSD was significantly higher. Furthermore, it could be shown that in spawning animals the con¬ version rate of the steroids by the enzymes 3ß-HSD, 17a-hydroxylase, C17_20-lyase> 5ß-reductase, 20 -HSD, 17ß-HSD, 3a-HSD and 11 ß-hydroxylase was significantly lower. The conversion rate of the steroids by the enzymes 5a-reductase and 11 ß-HSD did not differ in all three groups.
Comparing the two non-spawning groups (feral vs pond fish) a significantly stronger conversion rate of the steroids by the enzymes C17_20Tyase, 17ß-HSD, 11 ß-hydroxylase and UDP-glucuronosyl-transferase was found in the non-spawning feral fish, whereas in these fish a significantly weaker conversion rate was observed for the enzyme 20a-HSD. 17a-P4,17a-hydroxyprogesterone; 17a,20ß-P4,17a,20ß-dihydroxy-4-pregnen-3-one; 17a,20a-P4,17a,20a-dihydroxy-4-pregnen-3-one; 5ß-P-ol, 17a-hydroxy-5ß-pregnane-3,20-dione; 5ß-P-diol, 3a, 17a-dihydroxy-5ß-pregnan-20-one; 5ß-P-triol, 5ß-pregnane-3a, 17a, 20a-triol; A4, androstenedione; 11 ß-A4,11 ß-hydroxyandrostenedione; 11 ß-T, 11 ß-hydroxy-testosterone;
11-KT, 11-keto testosterone; , testosterone; ETIO, aetiocholanolone; 5ct-A-diol, 5a-androstane-3ct, 17ß-diol; 5ß-P-GL, 3a, 17a-dihydroxy-5ß-pregnan-20-one glucuronide;
5ß-A-GL, 5ß-androstane-3a, 17ß-diol-glucuronide; T-GL, testosterone-glucuronide.
Comparing spawning (feral) with non-spawning (feral and pond) fish, it appeared that in spawning fish much more of the precursor androstenedione was left unchanged at the end of the incubation period. As a result, the percentage yields of 11 ß-hydroxyandrostenedione, 11 ß-hydroxytestosterone, 11-ketotesto¬ sterone and 5ß-androstane-3a,17ß-diol-glucuronide were significantly lower in the spawning animals. More¬ over, the percentage yields of 5ß-androstane-3,17-dione and testosterone were significantly higher in these fish.
Differences between the non-spawning groups (feral vs pond) were restricted to the percentage yields of 11 ß-hydroxytestosterone, 11-ketotestosterone, testosterone-glucuronide and 5ß-androstane-3a,17ß-diol-glucuronide, which were significantly higher in non-spawning feral animals.
Percentage contribution of the enzymes The calculated conversion rate of steroids by the enzymes 17ß-HSD, 11 ß-hydroxylase and llß-HSD were significantly lower in spawning feral catfish than in non-spawning feral and pond catfish (Fig. 5) . The conversion rate of the steroids by the enzymes 5ß-reductase, 5a-reductase, 3a-HSD and UDPglucuronosyl-transferase were very much the same in these groups.
Between the non-spawning feral and non-spawning pond fish, a significantly stronger conversion rate by the enzymes 17ß-HSD, llß-HSD and UDPglucuronosyl-transferase was observed in nonspawning feral catfish. No differences were found in conversion rate of steroids by the enzymes 5ß-reductase, 5a-reductase, 3a-HSD and llß-hydroxylase.
DISCUSSION
The results of the present quantitative study con¬ cerning the metabolic pathways of steroids in the testes of C. gariepinus are with some minor exceptions in good agreement with those of recent qualitative investigations by Schoonen & Lambert (1986a) . The rather polar compound 5ß-pregnane-3 ,17 ,20 -triol observed by Schoonen & Lambert (1986a) could be identified as a 5ß-pregnane-3a,17a,20a-triol. Further¬ more, 17a,20a-dihydroxy-4-pregnen-3-one could be identified and two intermediates of the steroid meta¬ bolic pathway, i.e. 17a-hydroxy-5ß-pregnane-3,20-dione and 5ß-androstane-3,l 7-dione, were observed among the conversion products of pregnenolone and androstenedione respectively. Schoonen & Lambert (1986a) concluded that the testes of C. gariepinus are hardly able to produce steroid glucuronides. The present results, however, (open bars) and pond (solid bars)) catfish and for non-spawning feral vs non-spawning pond catfish. *P < 005, **P < 001, ***P < 0-001. (ANOVA followed by an a-priori test). ACYL-TR, acyl-transferase; 3ß-HSD, hydroxysteroid dehydrogenase; 17a-HYDR, 17a-hydroxylase; C20-LYASE, Ci7-2o-lyase; 5ß-RED, 5ß-reductase; 5a-RED, 5a-reductase; llß-HYDR, 11 ß-hydroxylase; UDP-GLUC, UDP-glucuronosyl-transferase. make it clear that under in-vitro conditions the testis can synthesize 3a,17a-dihydroxy-5ß-pregnan-20-oneglucuronide, 5ß-androstane-3a, 17ß-diol-glucuronide and testosterone-glucuronide. The physiological sig¬ nificance of these testicular steroid glucuronides is unknown. The main source of steroid glucuronides of the male reproductive organs of C. gariepinus is the seminal vesicle (Schoonen & Lambert 19866) , and these steroid glucuronides are supposed to act as sex pheromones (Lambert et al. 1986 ).
The main reason for the present study was the quanti¬ tative analysis of steroids and of the contribution of various enzymes involved in the biosynthesis of these testicular steroids in spawning catfish as compared with non-spawning feral and pond fish. The spawning catfish showed significantly higher percent¬ age yields of progesterone, 17a-hydroxyprogesterone, 17a,20ß-dihydroxy-4-pregnen-3-one, 17a-hydroxy-5ß-pregnane-3,20-dione and a pregnenolone ester compared with non-spawning fish. As a consequence, reduced synthesis of 5ß-pregnane-3a,17a,20a-triol, 11 ß-hydroxyandrostenedione and 11 ß-hydroxytesto¬ sterone was found. A decrease, or even an absence, of 11 ß-hydroxyandrostenedione has been noticed in the rainbow trout during spawning (Suzuki & Tamaoki, 1972; Kime, 1979; Dépêche & Sire, 1982) . During the period of spermatogenesis, however, synthesis of 11 ß-hydroxyandrostenedione was found in the eel (Anguilla anguilla) and rainbow trout by Eckstein, Cohen & Hilge (1982) and Dépêche & Sire (1982) respectively. In this respect it is of interest that in non-spawning pond catfish, which show neither sperm release nor secondary waves of spermatogenic activity during the summer months, the production of 11 ß-hydroxylated androgens was lower than in the non-spawning feral fish.
The spawning vs non-spawning (feral and pond) catfish and for non-spawning feral vs non-spawningpondcatfish. *P<0-05, **P<0-01;***P<0-001 (ANOVA followed by an a-priori test). 5ß-A-dione, 5ß-androstane-3,l7-dione; A4, androstenedione; 5 --3 -1, androsterone; ETIO, aetiocholanolone; T, testosterone; 11 ß-4,11 ß-hydroxyandrostenedione, llß-T, 11 ß-hydroxytestosterone; 11-KT, 11-ketotestosterone; T-GL, testosterone-glucoronide; 5ß-A-GL, 5ß-androstane-3a,17ß-diol-glucuronide. raga, Dufau & Catt, 1978; Chasalow, Marr, Haour & Saez, 1979; Nozu, Dehejia, Zawistowich et al. 1982; Kühn-Velten & Staib, 1984 [3H] androstenedione. Statistical differences were tested for feral spawning (hatched bars) vs non-spawn¬ ing (feral (open bars) and pond (solid bars)) catfish and for non-spawning feral vs non-spawning pond catfish. */'<001,**/><0001 (ANOVA followed by ana-priori test). 5ß-RED, 5ß-reductase; 5a-RED, 5a-reductase; 3ß-HSD, hydroxysteroid dehydrogenase; 11 ß-HYDR, 11 ß-hydroxylase; UDP-GLUC, UDP-glucuronosyl-transferase.
